This article describes the development of an information system in perinatal care, designed for research into effectiveness -including analysis of the relationship between process and outcomeand for quality assurance purposes. The methodology for selecting perinatal problems, defining process content and indicators, specifying severity for control of confounding in the analysis of outcomes, and developing the recording format is outlined. The system and its data processing are described. Its utilization and limitations are also discussed.
INTRODUCTION
The city of Rio de Janeiro, Brazil, has very high late fetal and perinatal mortality rates (LFMR/PNMR), which also occur in other areas of the country [1] [2] [3] [4] By the mid-1980s, the local LFMR, taking estimates of underreporting into account, was higher than 20/1000 total births, while the neonatal mortality rate (NMR) was 18.6/1000 live births, figures similar to those found in developed countries in the 1950s [5, 6] .
By the mid-1980s, an analysis of existing local data pointed to the hypothesis that high PNMRs were associated with low effectiveness 1 in Rio's public inpatient perinatal services.
An essential prerequisite for evaluating services is an extensive and relevant information base [7] . The feasibility of collecting the selected data depends upon the implementation of their routine registry in medical records. Data should also be easily collected and processed [8] .
Given the lack of a uniform and relevant information system in 1985 covering local maternity units, such a system had to be developed "ad hoc" in order to investigate the role of medical care in perinatal mortality, while serving as a basis for a local quality assurance programme.
In the early 1970s, the need to improve planning/administration of prenatal and perinatal services had led PAHO to develop an information system called the Perinatal Clinical History (HCP) for Latin America [9] . HCP is a comprehensive medical record that encompasses prenatal and perinatal care. The system was intended to produce standard epidemiological and medical care data so as to allow for a broader knowledge of the population to be assisted and to evaluate the quality and efficiency of services provided.
Prior to the mid-1980s there had been some attempts at implementing suth systems in Rio's maternity services, but without success. One of the problems of the original HCP was that it did not satisfactorily account for the diversity of perinatal care and perinatal problems on the whole Latin American continent, representing an uncomfortable "average" for those who had to work with it. Also, its summary forms hardly covered process of care [10] . These aspects jeopardized the original HCP potential as an 280 L. Krauss Silva instrument for quality assessment and quality assurance.
It was, therefore, considered necessary to adapt PAHO's Perinatal Clinical History forms (which have many interesting aspects) for the purposes of that investigation, at the same time turning it into a better tool for quality assurance in perinatal care. The methodology used to adapt the HCP system and its data processing and utilization for research and quality assurance purposes in Rio de Janeiro are reported below.
METHODOLOGY
To develop a new version of HCP, a methodology for the review of conditions, procedures and outcomes was applied to the original clinical (obstetric and neonatal) record forms. A similar process, with more stringent criteria, was used to develop the obstetric and neonatal discharge forms which were the main focus of this work as they constitute the database for the analyses.
The selection of relevant problems in perinatal care and corresponding procedures/technologies along with related "referent" categories, that is, categories of clinical conditions which benefit from the related procedures, was carried out in such a way as to build process and specific outcome indicators and standards for the analyses of process, outcome, and the relationship between process and outcome. The definition of general outcomes and the selection of related control variables was done in such a way as to build general outcome indicators and standards for the analysis of outcome. Process data were intended to be used to validate outcome information and vice versa (analysis of the process/ outcome relationship) in order to minimize the uncertainties around the attributional validity of the procedures under study [11] .
Selecting perinatal health problems
Analysis of the available information on local perinatal mortality, related conditions and risk factors (like low birthweight and prematurity rates, parity and education), and information on the structure of services (resources and technologies) allowed for the delimitation of relevant fractions of the city's perinatal problems to be tackled by the information system. The four main causes of late fetal death accounted for about 90% of all fetal deaths, and the six main causes of neonatal mortality corresponded to about 70% of all neonatal deaths. Traditional causes of direct maternal deaths were also taken into account. No other cause seemed important enough on other grounds, e.g., high sensitivity to medical intervention, relevant specific death rate, to be included in the study.
Defining process content and specific outcomes
The selected health problems were analysed to determine the type of care the mother and baby should receive. In other words, the procedures and technologies available to prevent, decrease the severity of and treat the selected conditions and diseases, with varying degrees of efficacy/ precision -preferably on the basis of welldesigned studies [12, 13] but also following current medical guidelines -were listed. Specificity of the procedure in relation to the selected problems and conditions was also considered in selecting procedures. Reliability and ease in recording data were also considered. Finally, availability of the selected technologies was determined. Related partial and final outcome criteria (indicators) and standards were also derived from existing evidence and the corresponding data were then incorporated, whenever necessary, into the revised system [11, 14] . These criteria were the basis for the review of the original HCP forms and were more stringently observed in relation to the obstetric and neonatal discharge forms. The most efficacious and precise technologies amongst those chosen to appear on the clinical forms were selected to appear on the discharge forms. Time windows for the "selected for" technologies were searched for in the literature and were specified on the discharge forms (e.g., chest X-ray within 6 hr of birth). Precision in estimating standards for process and outcome indicators was important in selecting data to appear on the revised discharge forms.
Specification of the "referent", that is, of the diagnoses or conditions to which the criteria and standards for evaluation should be applied, is very closely related to specification of the criteria for evaluation of the process of care, so that the two were normally developed simultaneously by guest on January 11, 2016 Perinatal information system: a methodological proposal 281 [11] . Specifying referents for each selected technology demanded information (from welldesigned studies or clinical consensus) on maternal and neonatal risk factors and on conditions related to the efficacy/precision of the corresponding selected procedures, in addition to the relevant discharge diagnoses, basically, the selected health problems.
Defining risk variables to control confounding in the analysis of general outcomes
The selection of risk variables/conditions associated with severity for the analysis of outcomes (particularly for general indicators, that is, those related to sets of procedures) was meant to detect possible confounders, which should either be excluded or controlled by stratification. The selection favored those factors/conditions with relevant incidence in the study population and which were most significant for the magnitude of their effect on the study outcomes [15] , based on available local data and related literature.
A summary of the process of selecting problems and developing the final format related to each relevant health problem (main causes of death), is presented in Table 1 , taking the example of asphyxia.
The heads of the study services examined the draft of the newly adapted HCP system, after agreeing to the general purposes of the system and to the basic methodology' utilized in its development. The newly designed forms were approved with few modifications. The system was pre-tested in two units, from October to December, 1986.
DESCRIPTION OF THE INFORMATION SYSTEM (ADAPTED HCP)

Format and contents
The following description focuses on the discharge forms, as they are the basis for the analyses.
The obstetric discharge form discriminated .five types of hospital admission: a) admission in labour; discharge in the puerperium; b) admission during pregnancy; discharge in the puerperium; c) admission and discharge during pregnancy, d) abortion; e) admission during puerperium. The discharge form was the same for all kinds of admissions although recording was selective. For a and b, information on maternal risk factors (antenatal and at hospital admission), intra-labour procedures, complications, and outcomes were supposed to be filled in. For c, d and e information on labour and puerperium were supposed to be disregarded. Each kind of admission had a special set of corresponding clinical forms, covering the related process and outcome in more detail.
The neonatal adapted HCP consisted of three forms: the first contained information related to neonatal admission (conditions at birth) and the procedures of a detailed neonatal physical examination; the second served to record the performance of procedures and results of specified laboratory examinations according to the baby's age; the third, the neonatal discharge form, consisted of data on the baby's conditions, on process and on outcomes of care. Process of care was divided into labour room care and later care, including special/intensive care procedures.
The open-ended format was mostly followed for clinical forms in order to facilitate recording and to serve as a reminder to perform the selected procedures.
Data to be included in the discharge forms appeared graphically highlighted in the preceding forms in the same openended format (except for procedures with specified time windows) and in the same order as in the corresponding discharge form, to facilitate recording of data. Brief instructions on how to complete the forms were given on the back page. They were filled in and signed by an obstetrician/paediatrician. Each HCP discharge form had duplicate sheets, designed and used for computer processing. The mother's and baby's discharge forms, though separate, had the same identification number.
Neonatal care forms distinguished between the transferred (in/out) and non-transferred newborn baby as well as the cases where transfer of the baby was requested but not effected.
HCP data processing
Codification of data. Most data were coded in the computer discharge form. Causes of death and morbidity information were coded using ICD before data entry. All ICD codes related to discharge/death diagnoses were recorded by specially trained personnel, supervised by medical doctors trained at Sao Paulo's WHO Center for Classification of Diseases.
Data entry. The data entry program rejected forms without critical data, these were then researched, completed and the data entered. It also prevented illegal values and major inconsistencies. Further control of data entry was carried out by random sampling of HCP records. These were checked against the corresponding discharge forms in such a way as to assure a defined maximum probability of error in the data entry process.
Validation of data base. Extensive validation procedures were undertaken, including the review of the discharge forms to check for possible data entry errors suggested by special editing of the study variables. 
UTILIZATION
Data recording
The rate of completeness and accuracy of collected data, though varying among units, was, by local standards, extremely satisfactory.
It was found that most neonatal deaths missing from our records (neonatal discharge form) according to the death certificate were in fact misclassified fetal deaths, according to the mothers' records.
Other cases of missing deaths were related to babies who died shortly after birth, or to babies who died after being transferred and were mistakenly recorded as being discharged. It was also found that about two thirds of maternal deaths registered by the HCP system related to the study services had not been declared as such in the corresponding death certificates [16] .
Research proposals
Several studies have been carried out. They included analyses of process (Table 2) , analyses of outcomes (Table 3) , analyses of the relation between process and outcome, economic analysis of early and later neonatal care, including an incremental type of cost-effectiveness analysis of different levels of care, by adding specific costing data to the HCP information [17] . A decision analysis related to the allocation of selected medium-risk babies to rooming in/ SCBU is being carried out. General obstetric outcomes have been determined along with studies focusing on the under-recording of maternal and fetal deaths. Besides the preliminary analyses already performed, more detailed studies of the process, outcome and process/ outcome relationship of obstetrical care related to each of the 17 procedures recorded in the system are under way. The merging of obstetrical and neonatal databases has allowed for the study of neonatal outcomes related to obstetrical procedures, economic analysis has also been incorporated.
Quality assurance
The adapted HCP information system was operated as a fundamental component of a quality assurance process.
The information produced through the HCP system, in an interactive process with the services, became lengthier and more complex with time in order to fulfil the requirements for more valid, precise and comprehensive information. At the beginning it was basically composed of frequencies of risk factors, procedures and mortality rates. Direct care providers were then able to discover critical aspects of their case-mix, about which they had built myths. They also learnt how to interpret the results of relative risks and indirect standardized rates, which helped them in recognizing very unfavorable general outcomes.
Within about a year of implementation of the system, detailed feedback information to maternity services was produced on the process of care (adequacy in the use of procedures for specified referents, to be compared with standards) and outcomes (general and specific mortality and morbidity information, controlled by risk factors/severity, to be used for comparison with international figures and with standards originated in well-designed studies). Reported efficacy/effectiveness figures were provided to the services along with the corresponding HCP reports. Also, analyses of the process/outcome relationship were produced for selected procedures. Finally, preliminary cost-effectiveness analyses were incorporated into the assessment. The gradual broadening in scope and complexity of adapted HCP output was associated with a parallel process of widening of its audience. The system was an important tool in fostering the involvement not only of direct care providers but also of administrative and other support staff, including those from the clinical laboratory, pharmacy, equipment maintenance unit and health services architects and engineers. Moves towards improvements in the structure and the process of care were the first results. Benefits accrued from the development and implementation of the present system, while improvements seen in the overall outcomes of the maternity services can only be reported partially, as several units suffered the impact of a health policy change expressed in dramatic financial cuts. Intermediate outcomes could be listed as follows: a) the frequency of performance of recommended procedures for certain groups of patients, that is, the rate of adequacy, improved in many instances, including those related to autopsy; b) improvement in routines and policies related to e.g., discharge of high-risk pregnant women, performance of cesarean sections, neonatal care at labour room, admission/ discharge of borderline babies to Special Care Baby Units, transfer in/out of babies, resuscitation and care of very low birthweight babies etc. However, significant improvements in outcomes in terms of mortality and morbidity rates were by guest on January 11, 2016 286 L. Krauss Silva meager during the first years, becoming more evident with time, specially regarding mortality related to specific procedures/conditions.
Updating/improving the system
The system is supposed to be reviewed periodically, the first review occurred in late 1989, in order to encompass technologies with more widespread use than in 1986, and to dismiss information related to problems overcome in the meantime.
DISCUSSION/COMMENTS
Defining perinatal health problems
In order to develop the present information system, need was first defined on the basis of the local structure of causes of maternal and perinatal deaths. Despite the insufficient reliability of local data on causes of death, the local structure of causes of death was compatible with the corresponding mortality rates, according to the literature [5, 6] . Morbidity data were very scanty for the city's public services, however, the most important morbidity elements may be inferred from the mortality data on the basis of the literature.
Defining process content
Most causes of death/outcomes had, as expected, a low specificity for the selected procedures, e.g. birth asphyxia and cord complication, are both sensitive to electronic fetal monitoring; respiratory diseases, prematurity and asphyxia shared several procedures, as do prematurity and infection, the same being true for infection and respiratory conditions, as well as for maternal conditions, prematurity and asphyxia.
Data recording
Completeness and accuracy of collected data are, by local standards, satisfactory. Recording of data related to the adapted HCP system is facilitated by the design of the system. Completeness and accuracy of data, especially those related to process, were probably augmented by the participation of the services staff in the establishment of the final contents and format of the information system. Recording and accuracy of data were also possibly enhanced by the related quality assurance process, which made the Health Authority (sponsor of the system and the quality assurance process) less of a controller and more of an effective collaborator in the services. In fact, the local Health Authority had made clear moves toward the improvement of quality of maternity services before the implementation of the system, which probably contributed to its development and implementation.
Data editing
The duplicate discharge forms, which avoided errors of data handling associated with unnecessary copying, the data entry programme which avoided illegal values and eliminated some major inconsistencies, as well as the random verification of data entry (as double data entry was not feasible) were not sufficient to rule out errors in the resulting data bank. As proposed by Rothman [15] and Kirkwood [18] , an extensive complementary check has preceded main analyses. Legal but unusual values have been screened while completeness of data, distribution of each risk variable, consistency of coding for related variables, and consistency of various distributions have been checked. The possibility of merging mother's and baby's discharge forms and the corresponding data bank, since baby and mother had the same number, is instrumental for several of these checks.
Data editing, although time-consuming, has resulted in important corrections of data entry and data recording, including the recovery of fundamental missing data. In relation to the validity of death case records, checking of HCP information against the information contained in the services, census and in death certificates, has significantly reduced the error in this parameter, thus helping improve local mortality statistics, particularly for maternal deaths.
Data set selection and utilization
The review of the original HCP system produced a set of data more adapted to local perinatal care. It both excluded non-relevant information and included more detailed data on by guest on January 11, 2016 Perinatal information system: a methodological proposal 287 locally relevant aspects of care. It also avoided duplicating recording and only few questions were left open. The result was a shorter and easier set of data to be filled in.
Nonetheless, some limitations were not easily overcome. For example, as the system was to be used by services of different levels of care, information on severity, like mean pH and mean FiO 2 during the first 12 hours of life, which can greatly improve control over general outcomes of neonatal intensive care [19] , but which are not easily collectable data and could not be obtained in all second-level centres, were not included in the discharge form. However, collected data were frequently used in more than one kind of analysis, e.g. with demand-access data: need for transfer of babies to tertiary centres, as determined by the attending pediatrician, was analysed as a partial general outcome per se, whilst mortality among the babies whose transfer was not effected was used to correct mortality rates of high risk babies.
Although the present information system was based on PAHO's HCP [10] , it included major modifications in relation to the original system, in terms of form, contents and data analysis. The original obstetrical discharge form covered prenatal care quite extensively, while relatively little space was given to the process of care related to the first and second stages of labour, through few open questions. The original neonatal discharge form emphasizes risk factors, diagnoses and outcomes as well as legal aspects. Neonatal procedures consisted of open questions. Open-ended data in the discharge forms (obstetrical and neonatal) are computed to produce the standard HCP Statistical Summary which includes only overall frequency of risk factors, diagnoses and other outcomes as well as information on length of hospital stay: it does not produce information on neonatal or on most obstetrical procedures.
Very similar deficiencies are found in the discharge form of the relatively new simplified version of the HCP system [20] .
Since evaluation of health services constitutes a field where validity (causal and attributional) is difficult to establish [11] , such shortcomings make that system a blunt tool for evaluating the process and outcome of care (effectiveness) and, as a result, an insufficient aid for quality assurance purposes. To meet the proposed objectives, it was necessary to transform the original system into a more conceptually up-todate instrument for evaluation of services, allowing for the analysis of process and for the analysis of process-outcome. The use of scientific evidence to select procedures to enter and to update the present system as well as to produce indicators which allowed for the comparison with standards obtained in well-designed studies was crucial in fostering quality assurance activities [21] .
When compared to the minimum perinatal data set proposed by the National Perinatal Epidemiology Unit/U.K. for "basic perinatal surveillance" [22, 23] , the adapted HCP discharge form thoroughly meets the requirements for information on the process and outcome of care. In fact, the adapted HCP discharge form is more comprehensive in terms of process for both obstetrical and neonatal care. Data on past obstetrical history are also covered by the adapted HCP discharge form which nonetheless reviews current pregnancy rather in terms of clinical risk while the above-mentioned British proposal focuses on aspects of demand and access to prenatal and perinatal care.
Data retrieved from medical records by Bobadilla Fernandez [24] in order to investigate the role of perinatal care in perinatal mortality in Mexico city, in a case-control study, covered process of obstetrical care somewhat less comprehensively than the adapted HCP discharge form, while process of neonatal care was much less satisfactorily reviewed, apparently because part of the questionnaire was based on open questions. Particularly for neonatal care, such problems limited the ability of that study to obtain indicators of the quality of the process of hospital care and therefore the possibility of attributing outcomes to related procedures.
Limitations in the analysis of collected data
The original research objectives are being accomplished, comprehending different approaches to measure effectiveness and partial technology assessment.
Information collected for a few of the selected procedures and partial outcomes was not used in the way it was envisaged, e.g. convulsions were heavily under-reported, so it was not possible to analyse that information as a partial outcome or by guest on January 11, 2016 288 L. Krauss Silva to measure the associated relative risk of neonatal death. However, a need to improve the diagnosis of the condition became clear.
The validity of the system for evaluative purposes is high, despite the limitations in sensitivity and specificity already mentioned, and despite the binomial form used to record several procedures, which tells little about how procedures were actually performed, although it facilitates recording. A low adequacy or low effectiveness, related to a certain procedure, indicated that a problem existed and that the associated process of care should be reviewed. Satisfactory adequacy associated with low effectiveness was observed, particularly in cases of more complex technologies. However, maternity centres which presented higher rates of adequacy generally showed better specific and general outcomes, significant differences in average rates of adequacy being usually associated with significant differences in outcomes.
